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Conclusions: This study indicates that the effect of radiation 
dose on the local lung damage may be partially detected 
already during RT using CBCT image analysis. If a high LuRa 
value is shown to be a good surrogate endpoint for clinical 
toxicity and the results of the current investigational study 
are validated, the proposed response models may provide an 
assay for identifying a subgroup of low-responsive patients as 
potential candidates for safe dose escalation. 
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The promise of functional volume automatic segmentation 
D. Visvikis1 
1INSERM U650 LaTIM, Medical Physics, Brest, France  
 
Accurate, robust, reproducible and fast delineation of 
functional tumor volumes in 3D using positron emission 
tomography (PET) has been already identified as a pressing 
challenge for an increasing number of oncology applications, 
such as image-guided radiotherapy, as well as diagnosis, 
prognosis and therapy response assessment. The main drive 
behind this interest is based on the fact that the use of 
functional imaging allows the biological characterization of 
active tumor volumes employing different tracers. There is 
therefore a growing need for accurate quantification of both 
tumor volume and associated indices of tracer accumulation, 
such as standardized uptake values, in order to refine 
detection criteria associated with various forms of cancer 
and study the relationship between overall tumor burden and 
response to therapy or survival. Following the introduction of 
the main clinical incentives behind the development of 
functional volume segmentation algorithms, the objectives of 
this presentation will be to (a). provide a critical analysis of 
the currently available segmentation methods and associated 
validation studies, (b). provide guidelines with respect to the 
clinical use of existing semi-automatic and fully-automatic 
algorithms, (c). discuss the impact of automatic functional 
segmentation algorithms within the context of therapy 
response monitoring and radiotherapy treatment planning. 
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Temporal changes of the location and shape of tumour 
targets or organs at risk during a course of treatment are 
considered one of the major obstacles to deliver high 
precision radiation therapy (RT) for a number of treatment 
sites. According to the different time scales on which these 
organ movements and deformations are expected to occur 
one differentiates between inter- and intra-fraction organ 
motions. One basic strategy to account for the effect 
of anatomical changes during RT refers to treatment plan 
adaptation that can be either achieved as the refinement of 
an existing treatment plan or as complete re-optimisation of 
treatment parameters for the new patient geometry. 
The standard scenario envisioned for a clinical workflow is 
based on a set of 3d-images of the patient in treatment 
position directly prior to treatment acquired either by in-
room imaging devices, ranging from in-room kV-CT, MV-CBCT, 
kV-CBCT or MV-CT to MRI. These images are then 
prepared for either treatment plan modification or re-
planning by fast image processing that identifies the actual 
volumes of interest relevant  for autmatic plan optimisation. 
These methods were originally designed for off-line 
modifications of established treatment plans 
to account for slowly developing anatomical changes like 
weight loss/gain of patients or radiation induced tissue 
responses. However, improved soft tissue contrast, especially 
achievable with MRI combined with ultra-fast treatment 
planning tools will allow to extend the application of this 
treatment adaptation strategy to the on-line regime, i.e., 
either directly prior to treatment or even during treatment. 
We will discuss the development and application of on-line 
treatment plan adaptation tools for inter- and intra-fraction 
changes of the patient anatomy. Starting point will be a 
dynamic patient model (DPM) which will be continously up-
dated through images acquired during the course of 
treatment. The DPM can be used to re-construct the 
delivered dose to the patient, before a new treatment plan is 
established. This second step can be either achieved by 
interactive refinement of an existing treatment plan via a 
graphical interface or by a complete re-optimisation. Both 
approaches require a different approach of online quality 
assurance. Furthermore, we will discuss the scenario of an 
online feedback loop between real-time plan adaptation and 
dynamic dose delivery concepts. 
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Knowledge based: new planning perspectives 
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Intensity modulated treatments, in the two forms or IMRT 
with fixed fields and VMAT (volumetric modulated arc 
therapy) with rotational approach, is possible only thanks to 
the inverse process for planning the treatments. This opens 
the challenge to translate the desired dose distributions, 
including the broad knowledges on the toxicity dose levels for 
the critical structures, into the proper dose-volume 
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constraints that can lead to the best plan accounting for the 
anatomical specificity of each single patient. The knolwedge 
based planning processes aim on one side to train an engine 
with the prior knowledge on plan-goodness coming from 
patients already planned, whose plan quality is at the highest 
level; on the other side, based on that knowledge, to 
generate the proper dose-volume constraints to be used in 
the optimization (inverse planning) process. Such constraints 
would include the prior knowledge, together with the specific 
anatomy of the new patient. 
Different mathematical approaches have been explored, to 
possibly bring the knolwedge-based-planning concept 
available to the radiotherapy community. Some approaches 
will be here explored, and specific examples will be 
evaluated to understand the possible benefits and 
perspectives of such a planning modality. The specific sites 
will be the prostate, the head and neck, the lung, the breast. 
The knowledge-based-planning approach showed evidence of 
improved plan quality, reduced inter-clinician inter-planner 
variability. Another key point would be the possibility in the 
future to transfer the planning expertise from more 
experienced centres to less experienced institution, in a 
frame of sharing knowledge. 
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Automated plan generation 
S. Breedveld1 
1Erasmus MC Cancer Institute, Radiation Oncology, 
Rotterdam, The Netherlands  
 
Treatment planning is a labour-intensive time-consuming 
task, with quality highly dependent on the skills and 
experience of the planner, and on the software used. For a 
human planner, considering more than 5 competing 
criteria/organs-at-risk is challenging, while most sites easily 
contain 15+ criteria. Additionally, there is a large degree of 
freedom in treatment device setup, and even in the selection 
of the treatment modality. To ensure generation of high-
quality treatment plans and personalised healthcare, 
treatment plan generation should be automated. This also 
allows for large-scale treatment planning studies, and is an 
important element in online adaptive radiotherapy. 
Automated treatment planning is based on an intelligent 
decision-making system which is capable of mimicking the 
human decision-making. Erasmus-iCycle uses a knowledge-
based wish-list, where treatment goals for the objectives are 
prioritised and sequentially processed. The intelligence lies 
in a flexible system to efficiently explore the large search 
space of possible plans for an individual patient based on a 
predefined protocol. The prioritisation allows to incorporate 
many structures to be optimised upon. For example, the dose 
to the swallowing muscles can be minimised without risking 
an increase of dose to the more important salivary glands, or 
compromising target coverage. 
When optimally integrated in the clinical workflow, the 
manual interaction is minimal. The user selects a protocol for 
the current patient, and the plan optimisation is started. The 
next interaction is then with the physician, who ideally only 
has to approve the final plan. This can only work if the 
automatically generated plans are of consistent high quality, 
and manual adaptation of the plan would only lead to minor 
improvements. 
Automatically generated plans have the property that they 
are planner independent, reproducible, of consistent quality 
and require no hands-on time. This allows to perform large-
scale planning studies where different protocols, class-
solutions, approaches and/or modalities can be quantitatively 
compared. Is it possible to improve treatment for patients 
with bilateral metal hip prosthesis when using non-coplanar 
irradiation? Is a certain class-solution an alternative for full 
beam angle optimisation? Does VMAT always result in higher 
quality than a static beam setup? Does the inability to use 
posterior beams with the CyberKnife limit plan quality? Does 
protocol X result in more preferred plans compared to 
protocol Y? The answer to these questions can now be 
investigated with a minimum of planning workload. 
Another step in improving treatment quality is online 
adaptive radiotherapy. A prerequisite for successful clinical 
implementation of online planning is a guaranteed high 
quality plan, as there is no time to modify the plan online. 
With automated planning this requirement is already met, 
but the optimisation has to be fast. A more relaxed approach 
is using a plan library. Based on predictions on internal organ 
motion, personalised plans for different scenarios can be 
computed offline, which is feasible as the planning is 
automated. At each fraction, the best matching plan is used 
from the database. 
With the possibility to generate plans without manual 
interaction, it is affordable to make plans for different setups 
or modalities for each individual patient. One could for 
example compute plans for 9 and 12 beam coplanar setup, 
non-coplanar, VMAT, or compare photon and proton plans on 
a per patient basis. This allows for the next level of 
personalised radiotherapy treatment, where only patients 
who benefit most from a complex treatment receive it. 
    
 
Debate: Online position verification is mandatory for all 
tumour sites  
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For the motion 
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Against the motion 
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Over recent years, daily online imaging has become 
increasingly commonplace across many sites treated with 
radiation therapy. Image guided radiation therapy (IGRT) 
aims to improve the geometric accuracy of treatment 
delivery, ensuring that the target volume receives the 
prescribed dose as planned, while more effectively sparing 
surrounding normal tissue. This is ultimately intended to 
improve clinical outcomes of patients with regard to tumour 
control and/or treatment-related toxicity. Given the trend 
towards more frequent imaging, is there justification for 
mandatory daily online verification across all treatment sites? 
IGRT is most commonly performed using 2D (MV or kV) or 3D 
(CBCT) radiographic imaging modalities. These imaging 
procedures however, come at a cost. Firstly, the dose 
administered from each procedure, while often minimal in a 
single instance, can accumulate to amounts that must be 
considered for risks of secondary tumour induction. It should 
also be remembered that the anatomical regions imaged 
typically far exceed the treatment volume. The latency of 
these consequences makes it difficult to evaluate the harm of 
IGRT workflows, as the technology has been so recently 
implemented. Secondly, there is a cost with regard to 
resources when implementing IGRT. Most clinical 
